ABSTRACT. The Marine Strategy Framework Directive (MSFD) mandates that European Union (EU) member states achieve Good Environmental Status (GEnS) based on an ecosystem-based approach to management. For commercial fisheries, the primary target under the MSFD is one of maximum sustainable yield. Of Black Sea riparian nations, only Romania and Bulgaria are EU member states. Focusing at the supranational level, we review institutions and instruments relevant to management of the Black Sea. The economic values of current fish catches are assessed, and the results of a recent analytical assessment of fish stocks are used to estimate potential future values based on maximum sustainable yields. In the Black Sea region, despite long-standing attempts to improve fisheries management, there remains a lack of effective regional cooperation. Evidence from the scenario analysis suggests that achieving GEnS would not have an undue negative impact on overall fishery sector incomes, and could, with appropriate investments in processing and marketing, deliver increased economic benefits for Black Sea countries. The ongoing policy debate between and within Black Sea coastal states needs to be extended to include recognition of the potential economic and social benefits of effective fisheries management. More work is required to assess returns on investment in interim management measures to deliver GEnS.
INTRODUCTION
The Black Sea is a "unicum hydrobiologicum" (Knipovich 1932) . It is geologically young and is an almost fully enclosed brackish sea with unique biological characteristics (Black Sea Commission 2008) . This biological system is part of a larger social-ecological system of interacting environmental and human processes. Traditionally, the Black Sea forms the boundary between Europe and Asia. It is bordered by six nations which have very different social and economic characteristics (see O'Higgins et al., 2014) . Each has its exclusive economic zones and related arrangements for fisheries management (Duzgunes and Erdogan 2008) . Fig. 1 shows the Black Sea coastal nations and their maritime jurisdictions. Romania and Bulgaria acceded to the European Union (EU) in 2007. This accession carries with it opportunities for sustainable development of the fisheries, as well as obligations for environmental protection, both within the scope of the EU's Common Fisheries Policy and under the Marine Strategy Framework Directive (MSFD) (European Commission 2008) . This requires EU member states to take steps to achieve Good Environmental Status (GEnS) of their marine waters through an ecosystem-based approach, based on 11 descriptors. Turkey is also a candidate for accession to the EU, and has taken initial steps to harmonize its fisheries management practices with those of the EU. Despite these positive steps, the Black Sea coastal states have so far not been able to establish an effective collaborative mechanism for the governance of shared and straddling fish stocks, with the result that exploitation levels of most stocks exceed sustainable levels.
The MSFD Descriptor 3 (D3) defines GEnS for commercial fisheries as follows: "Populations of all commercially exploited fish and shellfish are within safe biological limits, exhibiting a population, age, and size distribution that is indicative of a healthy stock" (European Commission 2008) . The subsequent Commission Decision specified in more detail the criteria and methodological standards for this descriptor (European Commission 2010) . The three criteria and associated indicators are: 3.1 Level of pressure of the fishing activity; 3.2 Reproductive capacity of the stock; and 3.3 Population age and size distribution. The International Council for the Exploration of the Sea (ICES) has proposed a methodology for defining indicators for D3 where there are analytical stock assessments in place, with the primary management target of establishing catch limits at a level that will deliver maximum sustainable yield (MSY) over the long term (ICES 2012) . This is also consistent with the EU's reformed Common Fisheries Policy, launched on 1 January 2014. Until now there has been no detailed quantitative assessment of the economic implications of establishing sustainable commercial fisheries in the Black Sea. Recently published data from analytical http://www.ecologyandsociety.org/vol19/iss3/art32/ assessments of fish stocks provide an opportunity to estimate the potential MSY for some Black Sea stocks. The aim of this study is therefore to assess potential future economic benefits to Black Sea countries under a scenario of GEnS, and to consider the potential for new economic analyses to play a role in the policy debate regarding the establishment of governance arrangements.
GOVERNANCE ARRANGEMENTS FOR BLACK SEA FISHERIES
There are a number of legislative and institutional approaches for managing the marine environment of the Black Sea. They operate at different scales, including national, subregional, and global. However, there is no regional fisheries management organization (RFMO) that could provide a basis for a fisheries management framework that is enforceable in international law.
The environmental strategy for the Black Sea is established under the Bucharest Convention on the Protection of the Black Sea Against Pollution. The Convention is signed by all of the Black Sea nations and is implemented by the Black Sea Commission, with the EU and other organizations participating as observers. The Convention contains a commitment toward integrated management. The "sustainable use of commercial fish stocks and other marine living resources" is a stated priority, to be achieved through a signed and enforced regional fisheries agreement (Black Sea Commission 2009). Recent efforts, which have focused on establishing a Legally Binding Document on Fisheries and the Conservation of Living Marine Resources within the framework of the Black Sea Commission, have not been successful.
The General Fisheries Council for the Mediterranean (GFCM) was established to promote development, conservation, rational management, and best utilization of living marine resources. It provides a forum for collaboration on fisheries research and management ) but cannot produce binding resolutions. Only Turkey, Romania, and Bulgaria are members. The Agreement on the Conservation of Cetaceans of the Black Sea, Mediterranean Sea and Contiguous Atlantic Area was designed to conserve populations of endangered cetaceans. It allows for measures to prohibit the taking of cetaceans and control of exotic species, but neither Turkey nor the Russian Federation are involved. Turkey is not a signatory of the UN Convention on the Law of the Sea (UNCLOS), which binds parties to sustainable management of their fishery resources. The Convention also requires recognition of 200-mile exclusive economic zones, which would impinge on Turkey's territorial claims in the Mediterranean.
Currently, the requirement under the MSFD to establish catch limits within the Black Sea in line with MSY applies only to Romania and Bulgaria. According to Article 3 (1) of the Directive, it covers the Romanian and Bulgarian exclusive economic zones to a boundary of up to 200 nautical miles from the coast, which accounts for approximately 14% of the total area of the Black Sea (Suárez De Vivero 2012) . Any future accession of Turkey to the EU would see the EU's jurisdiction expand to just over 50% of the Black Sea. At the national level, each country has its own specific management structures, rules, and regulations regarding fisheries management, some of which include bilateral fishing agreements between nations (see Duzgunes and Erdogan [2008] for detailed accounts). These rules are not consistently enforced.
Environmental condition of the Black Sea
Human activities within the Black Sea and its catchment area have resulted in a series of environmental crises, from fisheries collapses (Daskalov et al. 2007 , Black Sea Commission 2008 to severe eutrophication (Cociasu et al. 1996 , Bodeanu 2002 , Mee et al. 2005 and catastrophic invasions of nonindigenous species (Oguz et al. 2008) . Declines in catches and stocks of high value commercial fish species, particularly of predators, were evident by the early 1970s (Prodanov et al. 1997 ). They were followed by collapses in the anchovy and sprat stocks in the late 1980s and early 1990s, respectively (Black Sea Commission 2008).
The ecological regimes in the Black Sea are well documented (GFCM Secretariat 2011). Essentially, they fall within four phases, as follows:
. 1960s: pristine ecosystem involving relatively low phytoplankton levels, relatively high zooplankton standing stocks, low stock levels of small pelagic fish, and relatively high stocks of large pelagic and predator fish species;
. early 1970s: eutrophication phase, combined with overfishing of top predators, leading to a regime shift to domination of small planktivorous fish species, with significant increases in catches;
. late 1980s: population explosion of an introduced ctenophore, combined with extreme climatic conditions, excessive fishing pressure (and possible predation on fish eggs and larvae), leading to catastrophic collapse of small pelagic fish stocks;
. 1990s and 2000s: gradual but cyclical recovery of small pelagic fish stocks and catches, with an increase in zooplankton biomass and a decrease in phytoplankton and ctenophores. There has been no recovery of top predator stocks due to continued excessive fishing pressure.
The direct causes of the fisheries collapses in the Black Sea were two-fold: overfishing (Black Sea Commission 2008) and the arrival of the nonindigenous comb jelly Mnemiopsis leidyi, a predator and competitor of the major small pelagic fisheries species (Oguz et al. 2008) . Following collapses in the late 1980s and early 1990s, both anchovy and sprat stocks had recovered by 2005 (Daskalov et al. 2010 ).
The current status of commercial fisheries is that stocks of important demersal species such as turbot, red mullet, and bluefish are overexploited. At least two species of sturgeon are considered to be critically endangered (IUCN 2012) . Some stocks of small pelagic species (and occasionally bonito) are reasonably healthy, while stocks of most other commercial species are low and decreasing. The stocks of the commercially important invasive gastropod, the Rapana whelk, appear to be increasing. Daskalov et al. (2007) and others have argued that the current environment status of the Black Sea may be largely due to a trophic cascade driven by the decline in top predators, leading to uncontrolled phytoplankton blooms. 
Fish catches and landings
The total fish landings for each Black Sea nation (2006) (2007) (2008) (2009) (2010) are shown in Table 1 . Landings of small pelagic species (anchovy, sprat, two species of horse mackerel, and sardine) make up more than 82% of the annual Black Sea fish catch by weight. Anchovy is the principal catch, making up five times the catch of sprat (the second largest) by weight in the last decade (Daskalov et al. 2010) . The lawful fishing activities of each nation are largely restricted to their respective zones, though 10-50% of the anchovy landed in Turkish ports is caught in Georgian waters (Öztürk et al. 2011; Knudsen, personal communication) . Thus, the spatial extent of fishing pressure is reasonably well constrained in the southern part of the Black Sea. However, the spatial scale of the stocks is regional, with most species represented by a single stock that (especially in the case of pelagic fish) straddles or migrates between maritime jurisdictions.
Demand for and utilization of fish
We estimate that the average annual fish catches in the Black Sea from 2006 to 2010 were valued at about €364 million. The catch is either consumed directly within the Black Sea nations (FAO 2008) or is processed as fishmeal for internal consumption and for export (Yıldırım 2006) . Turkish fisheries account for 81% by weight of total Black Sea fish catches (STECF 2011) . The Turkish population is growing at a rate of about 1.2% per annum and has a life expectancy of approximately 72 years (World Bank 2011). Demand for fish, for direct consumption and for the secondary product of fishmeal (e.g., poultry and farmed fish), are increasing in line with domestic economic growth (Temmuz 2010). Therefore, internal demand for fish in Turkey and the economic pressure on fishers to meet this demand are most likely to continue increasing for several decades.
In 2011, 56% of Turkey's anchovy catch was used for fishmeal (Turkish Statistical Institute 2012) . National and export market demand for fishmeal from sprat and anchovy is a driver of Black Sea small pelagic fisheries (Taçon and Metian 2009, Knudsen et al. 2010) . A study by a World Bank Project, "Fish Marketing in Turkey" (MacAlister Elliott and Partners 1995) , indicated that fishmeal factories receive anchovy of sizes and quality grades suitable for human consumption (> 9 cm minimum market size), as well as anchovy mixed with sprat, and undersized and spoilt fish. Fishers make marketing decisions based on spot prices determined by catch composition and volume of supply on the day. On average, 25% by weight of 22 samples of fish that entered five fishmeal plants was anchovy of good quality and marketable size. The proportion of fish meeting these criteria varied between batches from 2% to 72%. Overall, 16% of anchovy that entered fishmeal plants during the 1994/95 season was potentially reclaimable for human consumption, which suggests a significant underutilization of this catch and the potential for delivering greater economic benefits. However, the continued use of traditional vessel design (bulk handling, lack of refrigeration), lack of shore-based infrastructure (specialized handling, grading, and freezing capacity), and joint ownership of fishmeal production and fleets prevent fishers from gaining these benefits.
Prospects for achieving Good Environmental Status
While the introduction of invasive species may represent an irreversible regime shift in the marine environment, there remains the potential for optimizing fisheries management to safeguard Ecology and Society 19(3): 32 http://www.ecologyandsociety.org/vol19/iss3/art32/ the delivery of sustainable ecosystem benefits in the future. This would arguably represent the best-case scenario, and therefore the achievement of GEnS. However, improving the environmental management of the Black Sea presents significant social, economic, political, and ecological challenges.
In 2011, the European Parliament passed a resolution on the current and future management of Black Sea fisheries which called on the Commission to use all diplomatic and financial means available to it to help achieve concrete results regarding sustainable fisheries (European Union 2011). The resolution also underlined the need to "examine in the long term the creation of a Regional Fisheries Management Organization, which would coordinate scientific research, analyze the situation of fish stocks and carry out special policies regarding observation of endangered species" and noted that "this Organization could also make suggestions regarding the level of the fisheries multiannual management plans and distribute the quotas for the countries bordering the Black Sea."
However, there has been insufficient commonly held political will for creating an RFMO for the Black Sea. This can be attributed to the inherent geopolitical instability within the region (with two Black Sea coastal regions, Abkhazia and more recently Crimea, likely to remain under disputed jurisdiction for some time), as well as deeper linguistic and cultural differences. Furthermore, there are substantial differences in terms of economic reform and the quality of governance among the different countries of the region, allowing geopolitical considerations to become an obstacle to environmental policy development and cooperation (Vassileva 2011) . As a result, in Russia, Ukraine, and Georgia, fisheries is subsumed within other nonenvironmental strategic priorities and does not feature highly on the political agenda. Overall, until Turkey, as the largest fishing nation of the six, determines to take action on fisheries management, no progress can be expected.
Until now, arguments in favor of the introduction of fisheries management have been based largely on environmental improvement for its own good, and the economic arguments have not been investigated in any substantive detail. There is a need to apply a structured quantitative approach to assessing the economic impacts of achieving GEnS in commercial fisheries, with a view to widening the political debate on introducing a regional fisheries management regime.
METHODS
The current scenario for fish production of the Black Sea was derived from catches reported in the FAO Fisheries Global Information System (FIGIS 2013) database. For potential future catches under a scenario of effective fisheries management, the estimated MSY was adopted as the maximum catch that can be generated under GEnS. This is consistent with Descriptor 3 (Commercial Fisheries) of the EU's MSFD, and is the management objective for EU fish stocks under the reformed Common Fisheries Policy. MSY is defined as the largest average catch or yield that can be taken continuously from a stock under existing environmental conditions (FAO 2006) . The concept was developed in the 1930s as part of the theory of surplus production models or "Schaefer models" (Sparre and Venema 1998) , which are still very much in use (Hilborn and Walters 1992 , Quinn and Deriso 1999 , Haddon 2001 , Cadima 2003 , Hoggarth et al. 2006 ). The theory has since developed to consider nonequilibrium conditions, and these models are now referred to as biomass dynamic models. In these models, the stock is considered to be a bulk of biomass, and the model considers effects of fishing effort and yield on this biomass, thus ignoring the effects of factors such as growth and mortality.
Estimates of MSY can be highly variable since they depend on factors such as growth of fish, stock size, size of the spawning stock biomass, recruitment of young fish, and proportion of the stock harvested by fishing (fishing mortality rate or F). Other important factors such as variation in recruitment, natural mortality, and environmental conditions can affect the "natural" level of biomass of a stock, and for most fisheries, the catch limits required to maintain stocks at MSY are therefore likely to vary from year to year.
Data on the biological status of Black Sea fish stocks were derived from the November 2011 report of the Expert Working Group on Assessment of Black Sea Stocks (EWGBS 2011), published by the Scientific Technical and Economic Committee for Fisheries of the European Commission, which is charged with delivering scientific advice for fisheries management decisions in the EU. This provides the most reliable and up-to-date information on the status of fishery resources in the Black Sea. However, estimates of sustainable catch levels (i.e., conservative estimates of MSY) are specified for only two stocks (sprat and anchovy) due to presumed uncertainty of the assessment results for the other stocks. For these other stocks, for which analytical assessment was not available, an alternative approach to the setting of MSYbased reference values for stocks was required.
We therefore applied Cadima's formula (Cadima 2003) to obtain a first estimate of MSY for a further three stocks (turbot, whiting, and horse mackerel), using catch and biomass estimates provided in the EWGBS (2011) report. The formula is a generalized version of the well-known estimator prepared by Gulland (1971) and further developed by Sparre and Venema (1998) . The method is frequently used in fisheries where catch and effort time series data are not yet available but where biomass estimates are occasionally obtained from, for instance, trawl and acoustic surveys. Cadima's formula is expressed as
where B is the average (annual) biomass, and Z is the total mortality rate per year. This can be rewritten as
where Y is the total catch in a year, B is the average biomass in the same year, and M is the natural mortality rate per year.
The estimates of natural mortality and biomass were taken from the EWGBS (2011) report in order to obtain consistent estimates. Spawning stock biomass was used instead of mean biomass, thus providing a more conservative estimate of MSY. The data points for estimating MSY were chosen as representing as wide a range of exploitation scenarios as possible during the available time series, although all the available data were used in the case of horse mackerel. As a means of illustrating the shift in trophic levels associated with GEnS of the stocks, the trophic index under each scenario was estimated using the method described by Pauly et al. (1998) 
RESULTS

Potential future fishery yields under Good Environmental Status
A synthesis of the results of the assessment for five key stocks drawn from the work of the EWGBS is presented in Table 2 . These stocks account for about 83% of total catches in the Black Sea. Only sprat is considered to be exploited sustainably. In the case of other species (anchovy, horse mackerel, turbot, and whiting), there is a need to rebuild the stock (i.e., to allow spawning stock biomass to increase). Estimates of MSY using either the EWGBS data (for sprat and anchovy) or Cadima's formula (for the remaining species) are shown in the final column of Table 2 . The details of the application of Cadima's formula are shown in Table  3 .
MSY estimates varied considerably between years, reflecting the variation in reported catches and uncertainties associated with biomass estimates. The data suggest that the main feature of the MSY scenario in the Black Sea would be a substantially lower annual anchovy catch of 200,000 tonnes compared to the recent average levels of 302,074 tonnes. Following recovery to MSY, the stocks of all the other species considered could sustain increased catches compared to recent historical levels. Compared to 2010, catches of turbot, whiting, and horse mackerel would increase by 79%, 23%, and 26%, respectively, delivering an estimated additional 8000 tonnes annually.
In the case of whiting, MSY may have been overestimated. The rather high estimate of natural mortality (0.6) assumed by the EWGBS may be part of the reason; a lower range of 0.2-0.4 is normally assumed for gadoid species (e.g., Pauly 1980 , Sinclair 2001 , Brodziak et al. 2009 ). Nonetheless, the value was maintained for the sake of consistency with EWGBS results.
An important aspect in relation to the whiting stock is the strong recruitment in recent years and the building up of the spawning stock. The EWGBS indicates that the stock is subject to overfishing, and currently advises a fishing mortality not higher than 0.4, which corresponds to a yield of 8500 tonnes under current conditions, which is much lower than the estimated MSY Ecology and Society 19(3): 32 http://www.ecologyandsociety.org/vol19/iss3/art32/ (20,500 tonnes). However, one would expect the scientific advice to allow for increases in total allowable catches in the near future, considering the improving state of the stock. There was a slight shift toward a higher overall trophic index, from 3.14 to 3.18, when fishing at MSY (Table 4 ). This reflects the higher level of catches of species at higher trophic levels (specifically the predator species of turbot, whiting, and horse mackerel). However, because planktivorous small pelagic species still dominate the catches in terms of volume, the overall change in trophic index is slight since the index presents a weighted average of all species in the fishery.
Potential changes in economic yields under Good Environmental Status
A comparison of the estimated value added of 2011 catches with catches under the MSY scenario is shown in Table 5 . It was assumed that catches of species for which no MSY estimates were available would remain unchanged from the 2006-2010 value. These species account for 15% of the volume of catches (2006) (2007) (2008) (2009) (2010) and 30% of the value. An additional benefit of improved governance of the fishery sector could be better utilization of the catch. In particular, the practice in Turkey of using more than half of the anchovy catch for reduction to fishmeal suggests that there may be opportunities for recovery of some of this material. Applying the factor of a rate of 16% of fishmeal inputs recoverable for human consumption (based on the data from the unpublished report by Macalister Elliott and Partners 1995) suggests that an average improvement of economic yields of 11% could be achieved (Table 6 ). 
DISCUSSION
The need for regional cooperation on fisheries management across the Black Sea is widely recognized (Duzgunes and Erdogun 2008, Black Sea Commission 2009) , not only to prevent further deterioration of the marine environment but also to safeguard the livelihoods of coastal communities in all countries. Attempts to introduce regional governance structures for the management of fisheries in the Black Sea have not been successful. Although the Black Sea Commission advisory group on Environmental Aspects of the Management of Fisheries and Other Living Marine Resources has sought to promote improved fisheries management, no single body is recognized as providing scientific advice. Attempts to improve cooperation on scientific research and advice (for example, the GFCM Working Group on Black Sea Fisheries, which met for the first time in 2012) have been undermined by the weak institutional framework, which is subject to inconsistent funding and political interference (Knudsen 2013) . The GFCM reported in 2011 that, in spite of strong encouragement for scientists of the Black Sea area to actively participate in the subcommittees of the GFCM, no formal stock assessment reports had been submitted (GFCM Secretariat 2011).
Several of the most important commercial fisheries of the Black Sea fall within the definition of straddling fish stocks and highly migratory fish stocks within the terms of UNCLOS. This obliges adherent coastal states to seek "either directly or through appropriate subregional or regional organizations, to agree upon the measures necessary for the conservation of these stocks in the adjacent area." The 1995 UN Fish Stocks Agreement, which came into force in 2001, creates a detailed framework for the management and conservation of such stocks, and specifically contains a duty to cooperate (including specific reference to RFMOs) and to ensure coherence between fisheries management measures within the exclusive economic zones and on the high seas. Five of the six Black Sea nations have ratified UNCLOS. However, Turkey has not, largely due to the implications for Turkey regarding territorial claims in the Aegean.
Accession of Bulgaria and Romania to the EU in 2007 has brought a new rigor to the scientific and management approach within the frame of the EU's Common Fisheries Policy and MSFD. Any future accession of Turkey to the EU could extend these instruments and bring an expanded subregional approach to fisheries management. Legislation introduced by the EU in October 2012 (European Union 2012 has created the potential for trade sanctions (such as quantitative restrictions on importations of fish from stocks of common interest or associated species) against states that do not cooperate in management of such stocks that they share with the EU. However, it is not clear whether this could be lawfully applied in the Black Sea, nor whether it would be effective. In any case, it is doubtful that expanded European jurisdiction within the Black Sea alone can deliver sustainable fisheries due to the shared and straddling nature of most stocks. The need for an RFMO remains clear.
Lack of clear nomination of responsibility for scientific advice, combined with the lack of an agreed mechanism for setting and sharing fishing opportunities between the coastal states, allows the present unsustainable exploitation patterns to continue. In particular, as long as migratory small pelagic fisheries are managed at the national and subregional levels, catches and stocks are unlikely to remain stable, and the risk of further stock collapses remains high.
The economic analyses we have presented do not reflect the full ecological complexity of the Black Sea. While the use of scientific assessments provides an ideal basis for the establishment of GEnS based on MSY, it may not provide the most suitable approach in all cases. As ICES (2013) points out, estimates based on single species assessments do not account for predator-prey interactions or linkages to ecosystem productivity. These factors are much in evidence in the Black Sea, where there are strong trophic interactions linked to eutrophication (Llope et al. 2011) . In addition, some of the most commercially important species are short-lived small pelagic fish (particularly forage fish) whose economic utilization depends on their size and year class. The benefits derived from Black Sea fisheries may therefore be strongly linked to the trophic level at which the fishery system is exploited.
Although there is a long history of inadequate environmental management in the Black Sea region, there is an emerging consensus on the need for improved management of fisheries. While this is based largely on ecological considerations, an economic analysis can potentially contribute additional arguments, based on socioeconomic impacts of the fisheries, for addressing the current management vacuum.
The work of the EWGBS and the estimations of economic value of the Black Sea fisheries we have presented indicate that a scenario of GEnS for Black Sea fish stocks could be expected to deliver 97% of the economic value achieved by the current pattern of exploitation. The scenario would be based on restoring five of the most important stocks to levels that would deliver MSY, with the assumption that there would be no changes in unit value of the catches. Under an MSY scenario, the added value attributed annually to the anchovy catch would show a significant decline http://www.ecologyandsociety.org/vol19/iss3/art32/ of €52.1 million, representing 34% of the average catch value in recent years, but this would be partially compensated for by increased catches of recovered stocks at higher trophic levels (e.g., turbot and horse mackerel). The Turkish small pelagic fleet, which accounts for 86% of the anchovy catches, would suffer the greatest potential impact in the longer term (losing approximately €40 million of value added annually). However, since Turkey also catches about 65% of the stocks that would sustain increased catches, this loss would be at least partially compensated for by increased fishing opportunities for other fleet segments.
Since it is postulated that the presence of healthy fish stocks at different trophic levels could help limit the impacts of eutrophication and nonindigenous species on the marine environment (Llope et al. 2011) , effective fisheries management may also underpin improvements in other descriptors of GEnS and the ecosystem services associated with them. For example, decreased eutrophication, which could result from improved food web structure (Llope et al. 2011) , has a significant nonmarket value. Taylor and Longo (2010) have estimated that in Bulgaria alone this could amount to the equivalent of a one-off capital investment of €57 million.
Another feature of the present management arrangements is the opportunity cost due to suboptimal utilization of a significant part of the catch used for reduction. Fishmeal plants operate in Ukraine and Georgia, but most are located in Turkey, where private investment in fishmeal capacity was supported by public funds throughout the 1980s and 1990s (MacAlister Elliott and Partners 1995) . Modern pelagic fishing and processing technologies are still not widely applied in the Turkish fishery sector. Proven technologies in vessel design, product handling and storage, grading, and processing of small pelagic fish, which are used elsewhere, could be expected to deliver significant added value from the catches of small pelagic fish (both anchovy and horse mackerel).
In addition, achieving GEnS for Black Sea fish stocks would impact not only the overall volume of catches but also catch composition as age distribution recovers to reflect a greater proportion of mature fish. Across all stocks, increases in average size could be expected to deliver increased economic yields due to higher unit values at first sale. This is particularly the case in relation to anchovy, where drawing on the EWGBS data for the period 2002-2010, the sum of fish in year class 0 and 1 constituted 51% of the anchovy catch in weight. Anchovy achieves maturity only in the summer of year 1 and may typically live to year class 3, which suggests that there is significant scope for allowing fish to grow larger, with a greater proportion of the catch available for higher value markets for human consumption.
It is important to recognize that the estimates of benefits under a future GEnS scenario do not reflect the interim cost of achieving that status, which could be considerable. Rebuilding stocks to levels that deliver MSY implies reducing interim catches to levels that allow rebuilding of spawning stocks. This would require critical policy decisions to select measures that balance biological recovery with socio-economic impacts. A full assessment of the costs and benefits should reflect the policy measures needed to lessen possible negative social impacts (for example, due to reductions in fleet size) and to support structural changes in fishing capacity and onshore processing. For example, financial support measures could contribute to the costs of withdrawal of vessels and create incentives for investment in improved catch utilization, such as grading and freezing. A full assessment should also consider the timing of the costs and benefits since these are not sustained or delivered concurrently. These estimates do not take into account the discounting of changes in financial flows over time, which would influence the analysis since costs would be sustained from the moment of introduction of new management measures, while benefits would be delivered only after stock recovery. Quaas et al. (2012) have suggested a methodological approach that regards costs of fisheries management measures as investments that deliver a return in terms of improved yields, which is applicable to this situation.
CONCLUSIONS
Few authors believe that the Black Sea can be returned to its pristine state. As stated by Daskalov et al. (2007) , the aim of management in the Black Sea must be to restore the ecosystem to a balanced state with the potential to provide sustainable use of its essential goods and services. Daskalov et al. go on to state "Recovery of a resilient ecosystem should mean restoring all important components (including top predators) into the new desirable state: reducing the anthropogenic impact, normalizing species interactions, buffering trophic cascades, increasing biodiversity and improving environmental quality. Such a state of the ecosystem would provide strategic benefits, such as a clean marine environment, abundant and diverse fish stocks and sustainable economic activities (e.g., fishing, tourism), to a range of stakeholders and society as a whole."
In the Black Sea region, long-standing attempts to improve fisheries management have so far not been successful, and lack of regional cooperation on fisheries remains one of the major barriers to effective environmental management. From the management perspective (following Knipovitch 1932) the Black Sea may be characterized succinctly as a unicum hydrobiologicum unicis populisque, that is, a unique biological system with unique peoples. Notwithstanding Turkey's nonratification of UNCLOS, there is nothing in international law to prevent the parties from applying voluntarily the principles therein, and establishing an RFMO for the Black Sea.
However, the need for effective collaboration on environmental matters, including fisheries, is not reflected in the agenda for international relations within the region, which, for many of the coastal states, is substantially driven by strong geopolitical motives. Until now, the economic arguments have not been clearly expressed. The ongoing policy debate between, and within, Black Sea coastal states needs to be extended to include recognition of the potential economic and social benefits of effective fisheries management.
The results of this study show that, in the long term, achieving GEnS of the Black Sea commercial fisheries by managing stocks to deliver MSY would provide economic benefits to coastal communities of the same order as currently achieved, even with a substantial one-third reduction in anchovy catches (which would impact mostly the Turkish small pelagic fleet). There would be compensatory benefits for other fleet segments, and further value added could also be derived from targeted investment in improved market utilization of the small pelagic catch for human consumption (rather than fishmeal).
The potentially negative impacts of a policy to establish GEnS in Black Sea fisheries are quantifiable and limited in their scope. http://www.ecologyandsociety.org/vol19/iss3/art32/ There is a need for the parties to take greater account of the costs and benefits of achieving GEnS in assessing their interest in improved management of fisheries. The discussions on an RFMO should be extended to the need for financial support mechanisms for fleet capacity adjustment (for example, to compensate displaced fishers for loss of livelihoods). Such measures need to be considered within Turkey's EU accession agenda. Overall, addressing the economic arguments may provide a more effective means of galvanizing the political will required to achieve the EU's environmental goals in the Black Sea rather than directly promoting the paradigm shift in environmental values espoused by the EU's Marine Strategy Framework Directive.
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